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1 
GE STATEMENT O T INVENTION 
. THE P0DUCTS T0 HIcH THE NVENTI0" ATES 
Ts invention relates fo the lower alpha- 
allidene-be-hydr0propionitriles  new 
chemical compoun, and It particularly relates 
to alpha-metlidene-beta-hydroxypropionitrile 
as a new comund. The preparation of the new 
oempounds of the invention also Is included with- 
in the invention. 
By the term lower alpha-allidene-beta- 
hydroopio.trfles reference is made to the 
unsaturated droxy-substituted allphatic ni- 
trfles that are represented by the formula 
R R 
in whih zch  m be ihr hdrozen or  
]owr zlkN1 rzdiz1 oninz D o  orbon  
ms, he Drfrrd omDound of hls fomu1 
being  a]Dha-meHdene - beta - hydroxypropio.  
trlle (in which each of the members represent- 
ed by R is a hydrogen atom). Other iles 
deed by the formula include, for example, 25 
alpha - elidene - beta - hypropionitrfle,- 
alpha -isopropYdene-bet a-dropropionitrile; 
alpha - isobutylidene-beta-hydroxypropiotrfle, 
alpha - isoylidene-beta-hyoproptonitrfle, a]- 
pha, (2 - pentylidene) -beta-opropiotrile, 30 
and alph a-:( 4-heptylidene ) _beta.hyoxypropio - 
trile. Of the triles corresnding to th 
formula, those wherein the allidene radical 
contains from one to three carbon atoms are 
genera] most readily prepared and form a pre- S5 
ferred, more limid group. Alpha-methylidene- 
beta-hydroxypropionitrfle, apparent because of 
the presence of the unsubstituted methylidene 
group substttuted on the alpha carbon atom, bas 
some desirable properties hot shared by the other 40 
members of the subgeneric and generic groups. 
SUch properties of alpha-methylidene-bet- 
droropionitrile will be referred  in greater 
detail hereinafter. 
b. THE PR0CESS T0 ¥HIC THE INNTION ES 4 
In aordance with the process of the invention 
the new nitriles are prepared by selective hydrol- 
ysis of alpha-alkylldene-beta-ha]opropiofles 
der contio such that the various possible 0 
side reactions, such as hydrolysis of the nitrile 
group, ethercation, po]ymerization, rearrane- 
ment, and dehydroha]ogenation, are substantial- 
ly obvlated. We bave round that good yields of 
alpha-alkylidene-beta-hydroxyproplotle can  
be obtained by subjecting an alpha-alkylidene- 
be-halopropiotrfle fo hyottc treatment in 
an ueous medium in the presence of a basic 
agent under mild conoEtions. By selective]y re- 
P!g the halogen by hydroxyl, the  alpha- 60 

2,601,659 
OFFICE 

2 
alkylidene-beta-halopropionitrile is converted in 
good yields to the alpha - alkylidene - beta - 
hydroxypropionitrfle containing the saine num- 
ber and arrangement of carbon atoms in accord- 
 ance-with the general equation 
R R R R 
\c/ \c/ 
X--CH-- --C_----N + OH- ---* HO--CH--C--C_=N + X- 
10 in which X represents an atom of halogen and 
X- represents a halogen anion and 1 is as 
hereinbefore deflned. It will be appreciated, of 
course, that the equation is intended to show 
only the over-all reaction rather than to show 
15 or to suggest a mechanism for the reaction. 
Thë maeri«ls useg iN he process 
As the organic reactant there is employed,-as 
shown by the foregoing equatton, an alpha- 
alkylidene - beta - halopropionitrile having the 
same carbon skeleton as the alpha-alkylïdène- 
beta-hydroxypropionitrfle that it is desired to 
prepare. Although the halogen atom may be un 
atom ol any of the halogens, if is preïerr.ed to- 
employ the bromo and the chloro compounds 
since they are generally the most readily prepared 
and cost the least. The chloro compounds are 
particularly preïerred. Representative of such 
halo-substituted olefinic nitrfles are ahha- 
methylidene - beta - chloropropionitrile, alpha - 
ethylidene - beta - bromopropionitrfle, alpha-iso- 
lropylidene-beta-chlorolropionitrile, alpha- (2- 
butylidene)-beta-chloroproptonitrile, alpha- (3- 
hexylidene)-beta-chlorolropionitrile and others. 
Although water is the preïerred aqueous me- 
dium, mixtures of water and water-miscible 
organic solvents may be used, such as aqueous 
solutions of isopropyl alcohol, dioxane, ethylene 
glycol, ethylene glycol monomethyl ether, acetone, 
or like water-miscible oxygenated organic 
solvents, the aqueous mixture most desirably 
containing a major amount, on a weight basis, 
of water. Generally speaking, water is the. pre- 
ïerred aqueous medium. 
As the basic agent there may be employed any 
suitable base or alkaline-reacting substance, with 
particular reference being marie fo the alkalinous 
hydroxides (and oxides), such as sodium hydrox- 
ide, potassium hydroxide, calcium hydroxide, 
calcium oxide, barium hydroxide, and other 
oxldes and hydroxides oï the alkali metals and 
alkaline earth metals, and to the alkali metal. 
carbonates, such as sodium and potassium car- 
bonates and bicarbonates. There also come into 
consideration strong organic bases, such as 
quaternary ammonium hydroxides, e. g., benzyl- 
trimethylammonium hydroxide and tetramethyl- 
ammonium hydroxide. Such basic agents are 
hot completely equivalent under all conditions, 
for the reason that the process, whtch requtres 



the use of mfld correlated conditions, includes 
as one of the conditions the basic strength oï 
the basic agent. For example, the use as the 
basic agent oï a strong non-volatile alkali, such 
as an alkali metal hydroxide, requires comp,ensa- 
tory use under otherwise equivalent conditions 
of a lower temperature and .in some cases a 
shorter reaction rime than are required when 
a less strongly acting base, such as sodium car- 
bonate, fs employed. Suspensions, as well as 
solutions of the basic agent in the aqueous 
medium, may be employed, solutions being preï- 
erable, particulaxly ïor laxge-scale application oï 
the process because oï the greater ease with 
which they may be handied and used. 
More cIeailecI descripio-o] he process o whick 
the invention relates 
The process of-the invention, which may be 
caxried out in either a batchwise, an intermit- 
tent or a continuous manner, lnvolves treating 
the alpha-alkylidene-beta-halopropionitrile with 
the aqueous medium and the basic agent under 
caxefully controlled conditions oï amount and 
concentration oï the basic .agent, temperature 
and rime that favor the desired selective re- 
placement of the halogen atom by a hydroxyl 
group. Thebasic agent preferably fs employed 
in an amount equal to ïrom about 0.75 to about 
1.25 the amount stoichiometrically equivalent to 
the halogen oï the alpha-akylidene-beta-halo- 
propionitrile, i. e., from about 0.75 to about 1.25 
equivalents ï base per mole oï alpha-alkylidene- 
beta-halopropionitrfle, a preïerred range being 
from about 1.0 to about 1.10 equivalents of base 
per mo!e of alpha-alkylidene-beta-halopropio- 
nitrile. The above figures.axe based upon the as- 
sumption that the alpha-alkylidene-beta-halo- 
propionitrile fs a neutral product (contains no 
traces of acid, such as HC1). !ï acid fs present, 
the amount of base should, of course, be in- 
creased by the addition.al amount that would be 
equivalent to the acid present in order to provide 
the necessaxy amounts of free base based upon 
the halo-substituted unsaturated nitrile. 
The strong alkalies preïerably are employed 
in concentrations up to about 2 equivalents per 
liter of the aqueous medium, .although larger 
amounts, if the excess over these figures fs 
present as a suspension (rather than aS a solu- 
tion) in the aqueous medium, do no haxm. 
When the base is a weaker alkali, such as a 
bicarbonate or a carbonate, somewhat greater 
concentrations in the aqueous medinm can be 
to]erated, e. g., up to about 4 N solutions. 
The conversion of the alpha-alkylidene-beta- 
halopropionitrile fs effected by treating it with 
the ilquid alkaline aqueous medinm (which may 
contain suspended so]ids, as when ,an aqueous 
suspension of a basic agent fs used) at tem- 
peratures such that undesired side reactions are 
avoided or minimized. Temperatures with- 
in the range of from about 30 ° C. to about 100 ° 
C. are employed. When the basic agent fs a 
strong base, temperatures of from about 30 ° C. 
fo not over about 60 ° C. are preferred, paxtic- 
ularly when the more. concentrated solutions of 
such strongly acting alkalies are employed, e. g., 
solutions more concentrated than about 0.25 N. 
With weaker alkalies as the .basic agent, e. g., 
a carbonate or bicarbonate, somewhat higher 
temperatures are permissible under otherwise 
equal conditions than with the strong alkalies; 
thus, with such weaker alkalies temperatures 
tp fo 80 ° C. fo 90 ° C., or even up to the boil- 
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ing temperature of the solution, af times may 
be e, mployed advantageously. 
If fs preïerred fo operate the process of the 
invention under certain correlated conditions 
5 of temperature and alkalinity, the latter con- 
dition conveniently being expressed in terres of 
the pli value oï the solution where the pli value 
fs defined as being numerically equal fo the neg- 
ative logaxithm oï the concentration (in moles 
10 per liter) of the hydi'ogen ion. The pli also 
fs numerica!ly equal fo 14 less the pOH value of 
the solution, the pOH value being equal to the 
negative logarithm oï the concentration (in 
modes per liter) of the hydroxide ion, or 
15 pI-I÷pOH:14. It fs preïerred to operate at pli 
values of 8 to 14.5. When the pli value of the 
solution fs higher than 14, if fs preïerred to .op-. 
erate at temperatures not over about 60 ° C., 
while at pli values of from about 8 to 12, higher 
20 temperatures,, up fo about 100 ° C., may be em- 
ployed. In general, when the pI-I value of the 
aqueous medium fs between 9 and 14, the higher 
the pli value the lower fs the temperature with- 
in the hereinbefore defined ranges that is most 
2.5 effectively used. 
The reaction rime that fs most effectively used 
will depend upon the reaction temperature and 
the other conditions under which the procss 
executed. When aipha - methylidene - beta:hy- 
0 droxypropionitrfle, which fs soluble in water, fs 
to be produced, the reaction rime advantageously 
fs limited to the rime for dissolution of the or- 
ganic phase, oï the reaction mixture in or with 
the aqueous phase thereof. In general, the 
35 course of the reaction can be followed conven- 
iently by analyses of the amount of halogen ion 
in the reaction mixture since the halogen atom 
on the alpha-methylidene-beta-halopropi0ni- 
trile, whfle fs non-ionic, is converted to. the ionic 
4O form in or by the reaction. The reaction rime 
under ,any given set of conditions preferably fs 
limited to a rime no longer than fs required for: 
conversion of the non-ionic halogen to ionic 
halogen. 
45 The alpha - alkylidene-beta-hydroxypropioni- 
trile may be recovered by neutralizing any base 
remaining in the reaction mixture by addition ' 
oï the equivalent amount of acid (e. g., I-ICI, 
HSO, etc.), distilling 'off water, and extracting " 
5O the residue with an organic solvent to sepaxate " 
the desired alpha-alkylidene-beta-hydroxypro- 
pionitrile in the ïorm of a solution in £he s01- 
vent. The pure product can be recovered by.. 
fractional distillation of this solution. It willi 
55 be appreciated, of course, that other methods ' 
can be used to recover the desired product, such 
other methods including, without being limited 
fo, treatment with selective solvents, ,adsorp- 
... tion, precipitation from solution, and combina- 
6b tions thereof with or without a distillation step. 
EXAMPLES 
The following examples illustate certain of 
the possible specific embodiments of the inven- 
6 tion, it being understood that the examples are 
presented with ti]e intent of illustrating rather 
 than of limiting the invention as it fs defined i 
the hereto-appended claires. 
Example 1.--One mole of alpha-methylidener 
70 beta-chloropropionitrile fs added to an aqueous 
1 N solution oï sodium hydroxide containing 
about 1.1 mole oï NaOI and the mixiure fs 
waxmed to and held with occasional agitation 
at 45 ° C. to 55 ° C. ïor two hours, at which time. 
75 a homogeneous mixttu'e bas formed. The solu- ' 
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tion then is neutralized by addition of hydro- 
chloric acid and water is distilled off in vacuo. 
The salt cake remaining is leached with meth- 
anol and the methanol solution is fractionally 
distilled under reduced pressure. Alpha-methy- 
lidene-beta-hydroxypropionitrfle is collected as 
the fraction distilling at 94 ° C. fo 95 ° C. under 
6 to 7 mm. ttg pressure. The specific gravity 
(20°/4 °) of alpha - methylidene-beta-hydroxy- 
propionitrile is about 1.036 and the refractive 
index is about 1.457. The molecular refraction 
(sodium D line) is found to be 21.8 compared 
to a calculated value of 21.5. 
Example 2.--Alpha-methylidene-beta-chloro- 
propionitrile is added to about 1.1 rimes its 
weight of 1 N aqueous sodium hydroxide solu- 
tion at 15 ° C. fo 20 ° C. No reaction is apparent. 
Upon warming to about 45 ° C. the organic phase 
commences to pass into solution in the aqueous 
phase. When solution is complete, i. e., when 
a homogeneous mixture forms, alpha-methyli- 
dene-beta-hydroxypropionitrile is recovered by 
the method used in the foregoing example. 
Example 3.--Example 1 is repeated using 
phamethylidene-beta - bromomethylpropionitrile 
in place of the alpha-methylidene-beta-chloro- 
methylpropionitrile. Alpha-methylidene - 
hydroxypropionitrile is obtained as product. 
Example 4.--Alpha-ethylidene- beta - chloro- 
propionitrile is warmed fo about 50 ° C. in ad- 
mixture with 1.05 equivalents of KOH in the 
form of an about 0.85 N solution in water. When 
about 75% of the theoretical amount of chloride 
ton is formed the reaction mixture is neutralized, 
distilled until a slurry remains in the still kettle, 
and alpha-ethylidene-beta hydroxypropionitrile 
is recovered from the slurry by the method illus- 
trated in Example 1. Analysis of the product 
for nitrogen and hydroxyl contents are in good 
agreement with the values calculated for the 
formula. 
CH 
Example 5.--In the manner illustrated in the 
foregoing examples, alpha-isopropylidene-beta- 
hydroxypropionitrile is prepared from alpha- 
isopropylidene - beta - bromopropionitrile. The 50 
formula for the product is 
CH 
\ / 
C 
H 0--CHs--C--C----I 
Uses /or the lower alpha-alkyliclene-beta-hy- 
droxyproponitriles of the invention 
The alpha-alkylidene-beta - hydroxypropioni- 
triles may be used as biologically active materials 
and as intermediates for the preparation of bio- 
logically active materials. They are also of in- 
terest as intermediates for the preparation of 
special solvents, plasticizers, and the like, and as 
resin intermediates. For this last application, 
alpha-methylidene-beta-hydroxypropionitrile is 
of particular interest because of ifs unique struc- 
ture. A consideration of the formula will show 
that alpha - methylidene-beta-hydroxypropioni- 
trile amalgamates in one molecule the structures 
of both allyl alcohol 

6 
and acrylonitrile 
5 Alpha-methylidene - beta - hydroxypropionitrile 
may be polymerized as such or in the form of an 
ester thereof with a fatW or other acid, such as 
acetic, propionic, butyric, or higher ïatty acid, 
which may be substituted by hydroxy, chloro, 
10 or the like, or as an ester with acrylic, methacry- 
lic, chloroacrylic, or other polymerizable ethyl- 
enic acid. Customary polymerization catalysts, 
such as a peroxide, e. g., di-tertiary-butyl perox- 
ide, tertiary-butyl perbenzoate, or dibenzoyl 
15 peroxide, may be used in the preparation of the 
polymers. Depending upon the conditions used 
the polymers range from viscous liquids to sort 
to hard solids. Copolymers with other poly- 
merizable ethylenic compounds can be prepared, 
2O e. g., with esters of acrylic acid of substituted 
acrylic acids, acrylamide, acrylonitrile, vinyl 
chloride, vinyl acetate, diallyl phthalate, and the 
like, the copolymers containing from as little as 
5 % fo as much as 99 % of the alpha-methylidene- 
25 beta-hydroxypropionitrile or ester of the saine. 
The polymers, depending upon the physical char- 
acteristics of the particular polymer, can be used 
in or as surface coatings, impregnating materials, 
molding resins, thickness for lubricating oils of 
3O the petroleum, as well as of the synthetic variety, 
and as or in adhesives. 
We claim as out invention. 
1. Alpha - ethylidene - beta - hydroxypropioni- 
trile. 
35 2. The process which comprises mixing alpha- 
methylidene - beta - chloropropionitrile with an 
amount of an about 1 N solution of sodium hy- 
droxide containing about 1.1 moles of sodium 
hydroxide per mole of said alpha-methylidene- 
49 beta-chloropropionitrile and heating the mixture 
at about 45 ° C. fo 55 ° C. until a homogeneous 
mixture forms to produce alpha-methyli.dene- 
beta-hydroxypropionitrfle. 
3. The method of converting alpha-methyli- 
45 dene-beta-chloropropionitrile to alpha-methyli- 
dene-beta-hydroxypropionitrile, which method 
comprises heating said alpha-methylidene:beta- 
chloropropionitrile with an aqueous solution of 
an alkalinous hydroxide, said solution having a 
pli value of from about 8 to 14.5, at a tempera- 
ture within the range of from about 30 ° C. to 
about 60 ° C. 
4. The method of preparing an alpha-alkyli- 
dene-beta-hydroxypropionitrile which comprises 
 hydrolyzing an alpha-alkylidene-beta-halopro- 
pionitrile in an aqueous medium in the presence 
of a controlled amount of a basic agent ai a 
temperature within the range of from about 30 ° 
C. fo about 100 ° C. fo produce said alpha-alkyli- 
60 dene -beta-hydroxypropionitrile. 
GEORGE W. I-IEARNE,. 
DONALD S. LA FRANCE. 
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